Relapse of acute promyelocytic leukemia (APL) and non-M3-acute myeloid leukemia in the central nervous system (CNS) are rare events. Here, we describe a case of simultaneous relapses of APL and acute myelomonocytic leukemia on the CNS of a patient after allogeneic bone marrow transplant. This extremely unusual case highlights the difficulties that CNS leukemia relapses pose in the post-transplant setting.
Introduction
Central nervous system (CNS) recurrence in adults with either acute promyelocytic leukemia (APL) or other subtypes of acute myeloid leukemia (AML) is uncommon, with previous studies reporting occurrences of 3-5% in APL and 1-2.5% in AML [1, 2] . These recurrences are typically associated with poor prognosis, and there is no consensus as to optimal treatment regimens [2, 3] .
We present here a case of simultaneous, double relapse, of acute myelomonocytic leukemia (AMML) and APL in the CNS of a patient with concurrent molecular relapse of APL in the bone marrow (BM).
Case Presentation
2.1. Diagnosis of APL. The patient was 62 years old at the time of initial diagnosis of APL. She was hospitalized with bruising and malaise and found to have a white blood cell count (WBC) of 0.46 × 10 3 /cm 3 , hemoglobin of 8.6 gr/dl, and platelets of 13 × 10 3 /cm 3 . Based on the Sanz schema, she had intermediate risk APL [4] . Bone marrow (BM) biopsy was consistent with APL (Table 1 ). FISH analysis of peripheral blood demonstrated the presence of PML/RARA fusion in 95.5% of cells. The patient underwent induction chemotherapy with all-trans retinoic acid (ATRA) and idarubicin. A BM biopsy performed on day 35 was without morphological evidence of APL, but FISH analysis revealed 5.5% of interphase cells were still positive for the PML/RARA fusion. The karyotype was normal. The PML/RARA RT-PCR assay was positive (0.009).
The patient underwent consolidation with three cycles of ATRA and anthracycline (idarubicin and mitoxantrone were used). Repeat BM biopsy on day 50 was without morphological evidence of APL, and FISH analysis was negative.
BM biopsy on day 133 of APL diagnosis was consistent with molecular complete remission (mCR) (PML/RARA fusion RT-PCR product was undetectable). The patient then received two years of maintenance therapy with ATRA, 6mercaptopurine, and methotrexate. A repeat BM biopsy at 37 months from diagnosis of APL was consistent with ongoing molecular CR (mCR).
Diagnosis of AMML.
The patient presented 39 months after APL diagnosis with fatigue, dyspnea on exertion, and epistaxis. Laboratory workup revealed a hemoglobin 6.1 gr/ dl, WBC 300 × 10 3 /cm 3 with 86% blasts, and platelets 18 × 10 3 /cm 3 . The renal and liver function was within normal limits. The BM core biopsy revealed involvement by blasts. Karyotype was normal. FISH analysis for AML/MDS cytogenetic aberrations was normal. FISH analysis for PML/ RARA translocation was negative. The PML/RARA fusion RT-PCR was also negative. Further analysis revealed that CEBPA, FLT3-ITD, and C-Kit mutations were not present; FLT3-TKD assay was positive. Flow cytometry identified two distinct populations (one showing CD34±, CD117+, CD13+, CD33+, CD15±, CD64±, CD14− , CD7− , CD2− , CD56− , and HLA-DRlo and a second population CD64+, CD14±, CD33+, and HLA-DRlo). Overall, the BM biopsy studies were consistent with AMML ( Table 1) .
Following a session of emergent leukapheresis, the patient underwent induction chemotherapy with FLAG regimen [fludarabine, high-dose cytarabine, and granulocyte colony-stimulating factor (G-CSF)]. Repeat BM biopsy one month after AMML diagnosis demonstrated CR. She then underwent consolidation with high-dose cytarabine (Ara-C), followed by haploidentical allogeneic bone marrow transplantation (alloHSCT) three months after diagnosis of AMML. The conditioning regimen included fludarabine, cyclophosphamide, and total body irradiation. She developed skin graft versus host disease (GVHD) controlled with topical steroids. She remained in CR for approximately 27 months following alloHSCT.
First Simultaneous Relapse of APL and AMML.
The patient presented to the emergency department approximately 70 months after initial APL diagnosis and 30 months after AMML diagnosis with headache, nausea, and vomiting. CBC on presentation showed WBC 7.9 × 10 3 /cm 3 , hemoglobin 14.2 gr/dl, and platelets 146 × 10 3 /cm 3 . An MRI brain showed abnormal leptomeningeal enhancement in the posterior fossa as well as over both cerebral convexities with abnormal signal within the calvaria and upper cervical vertebra worrisome for leukemic infiltration of the marrow. Lumbar puncture was performed which revealed protein 217 mg/dl, glucose 73 mg/dl, and WBC 1,004 cm 3 . CSF studies were positive for the presence of both myelomonocytic and APL blasts ( Figures 1 and 2 ; Table 2 ). The FISH analysis performed on CSF cells showed that cells harbored the PML/RARA translocation ( Figure 3 ). BM biopsy did not reveal dysplasia or increased blasts by morphology or flow cytometry. The karyotype was normal. FISH analysis was negative for PML/RARA translocation. However, PML/ RARA fusion RT-PCR was detected in the BM biopsy sample (with a value of 28.692); notably, the PML/RARA fusion RT-PCR was undetectable in a peripheral blood sample. The CT scan of the chest/abdomen/pelvis with contrast was without suspicious findings for extramedullary disease. Overall, the findings were compatible with CNS relapse of APL and AMML and molecular relapse of APL in the BM.
The patient received IT triple therapy (cytarabine, methotrexate, and hydrocortisone) and high-dose Ara-C while hospitalized (2.0 gr/m 2 every 12 hours for a total of 8 doses). Repeat CSF studies six days after chemotherapy initiation showed a decrease in WBC to 48/cm 3 . Repeat MRI brain 14 days after presentation showed interval resolution of the leptomeningeal enhancement with persistent BM heterogenicity. A repeat BM biopsy, at count recovery, remained without morphological or immunophenotypic evidence of AMML or APL. The PML/RARA fusion RT-PCR was negative.
We then formulated a treatment plan based on the European guidelines for APL (2007) including ATO and ATRA. She received a course of ATRA (45 mg/m 2 in two divided doses) and 28 doses of ATO (0.15 mg/kgr) in a 28day cycle. Repeat BM biopsy after this course confirmed that the patient remained in mCR. We then proceeded to two weeks of ATO/ATRA administration that were repeated every four weeks. She completed six cycles, and BM biopsy confirmed ongoing mCR. The patient received ATRA for two weeks every three months for 2 cycles (5 months total).
Second Simultaneous Relapse of APL and AMML.
Approximately 17 months after CNS relapse of APL and AMML and 87 months after initial APL diagnosis, the patient began experiencing headaches.
The CSF studies revealed WBC of 483 cm 3 and protein was 91 mg/dl ( Table 2) . Flow cytometry and FISH analysis for PML/RARA translocation in the CSF supported second simultaneous relapse of AMML and APL ( Table 2) . A BM biopsy was without morphological or immunophenotypic evidence of APL or AMML. PML/RARA fusion was again detected (level was 12.327), but FISH analysis for PML/ RARA translocation and the karyotype were normal.
The patient completed 6 IT triple therapy treatments with clearance of her CSF. The patient also concurrently began ATRA 45 mg/m 2 in two divided doses and ATO (0.15 mg/kgr) for 28 doses. Repeat BM biopsy was without evidence of APL (mCR).
Despite the multiple treatments, our patient has not required hospitalizations after the high-dose cytarabine and did not experience significant toxicities.
Discussion
Recurrence of APL or non-M3-AML in the CNS is rare [5] . Here, we describe the simultaneous recurrence of both APL and AMML in the CNS of a patient. The rarity of non-M3-AML CNS involvement was highlighted in a study of 3,261 patients; 21 patients were identified at diagnosis and 34 at relapse [6] . In the study of Oshima et al. [7] , CNS relapse in patients with leukemia that had underwent alloHSCT was described. They identified nine relapses in 533 patients with AML. In multivariate analysis, active disease at transplantation and history of CNS involvement were associated with CNS relapse.
In another report, outcomes of AML-isolated CNS recurrence of 34 patients, of which 18 had meningeal involvement, were described [3] . These patients underwent IT chemotherapy with methotrexate and dexamethasone plus cytarabine twice weekly until CR achieved; they were then given at least five additional monthly ITdoses. Ultimately, 14 out of the 18 patients achieved CNS-CR but unfortunately, the median overall survival of the 34 patients was 6.64 months [3] . Cheng et al. also conducted a retrospective study of AML patients (excluding FAB M3), demonstrating 5.1% of the 395 patients developed CNS disease with only 1% (four patients) having an isolated CNS relapse [1] . This study showed three out of the four patients also developed subsequent BM relapses and died. The median overall survival was 8.5 months from relapse [1] . Taken together, the involvement of CNS by non-M3-AML is rare and is associated with poor outcomes.
APL CNS relapse has been reported in cohort studies and in case series [8] [9] [10] . Eleven patients out of the 739 enrolled in PETHEMA LPA96 and LPA99 trials had documented CNS APL relapse [11] . The median time of CNS relapse was 16 months, and authors reported leukocytosis at diagnosis and Flow cytometry analysis of the peripheral blood revealed a population of immature myeloid and monocytic lineage cells accounting for 28% of the total cells with the following immunophenotypes: CD34±, CD117+, CD13+, CD33+, CD15 heterogeneous, CD64 heterogeneous, CD14− , CD7− , CD2− , CD56− , and HLA-DRlo. The monocytic lineage showed an increased population of immature cells (48% of cells CD64+, CD14±, CD33+, and HLA-DRlo, with heterogeneous expression of CD117, CD13, and CD15).
Morphological description
(i) Hypercellular marrow, >95% cellularity, and mostly replaced by leukemic infiltrates. Cytoplasmic granules were noticed in subsets of blasts. A small subset of blasts had cytoplasmic hypergranulation with rare Auer rods present. Scattered blasts also show bilobed nuclear morphology. Examination of the clot section and core biopsy showed hypercellular marrow (near 100%), replaced by sheets of immature cells. Subsets of the immature cells showed morphologic features of promyelocytes.
No residual hematopoiesis was noted. (ii) These findings were consisted with APL, hypogranular type.
(i) Hypercellular (90%) marrow with blasts occupying in excess of 90% of the marrow space. The cellular elements were almost exclusively made up of blasts (>90%). No blasts with APL morphology were noted. Some of the blasts had round nucleus with fine chromatin and moderate cytoplasm (myeloid blasts) and others with more irregular and folded nuclei, fine chromatin, and abundant cytoplasm. Some blasts contained Auer rods. (ii) Overall, the BM biopsy was consistent with acute myeloid leukemia with myelomonocytic phenotype.
Cytogenetics
The t (15;17) was detected in 95.5% of analyzed cells. Karyotype: 46, XY[20]. FISH analysis for PML/RARA translocation was normal. [11, 12] . In our patient, the relapse of APL in the CNS was also accompanied by BM molecular relapse given the presence of PML/RARA fusion RT-PCR product. Notably, it has been previously reported that CNS relapse of APL can be accompanied by systemic relapse [13] . There are no consensus guidelines for the treatment of CNS APL with systemic relapse [14] , and different strategies can be employed. For example, in the report of Vega-Ruiz et al. [2] , seven patients with recurrence of APL in the CNS were described. CNS relapse was typically accompanied by or preceded by systemic relapse. All seven patients were treated with intrathecal chemotherapy and systemic chemotherapy (six out of the seven patients died within four months of development relapse) [2] .
Our patient was treated for both APL and M4-AML relapse with a treatment regimen that includes intrathecal chemotherapy, high-dose ARA-C, and consolidation and postconsolidation phase based on ATO and ATRA. Prolonged maintenance was initiated and was based on ATRA. Unfortunately, the patient experienced a second simultaneous relapse in CNS as well as molecular relapse in the bone marrow.
For patients with relapsed APL, autologous transplantation is recommended, but our patient relapsed after alloHSCT. Given her recent relapse, she will be evaluated for possible donor lymphocyte infusion.
It is intriguing that this patient developed two acute leukemias that relapsed simultaneously. The CNS may escape from the graft versus leukemia effect, but the optimal strategy to avoid relapse in CNS has not been identified.
Conclusion
This case describes a double recurrence of APL and M4-AML in the CNS of the patient after alloHSCT, accompanied by APL molecular relapse in the bone marrow. Our patient responded transiently to combined schema of IT chemotherapy and ATO/ATRA for more than a year. Our case highlights the difficulty that relapsed APL and CNS recurrence of leukemia can pose. In addition, it highlights that a combination of treatments may lead to remissions with meaningful duration and without significant toxicities.
